INTRODUCTION
An apparently healthy human embryo lung culture prepared at these laboratories was later shown by Brown & Tyrrell (I964) to be unusually resistant to the HoP strain of rhinovirus. We now present a more detailed study of this cell strain and the agent resembling rubella virus which was isolated from it; some of these findings have been reported in a preliminary communication (Goffe, 1965) .
METHODS
Tissue cultures. Human foetal tissue was supplied by the Foetal Tissue Bank of the Royal Marsden Hospital (Kay & Constandonlakis, 1959) : the diploid fibroblast cellstrains HEL-~ and HEL-7 were prepared from lungs by the method of Hayflick & Moorhead (I96I) . wi-38 cells were given to us by the M.R.C., Hampstead; RK 13 cells (Beale, Christofinis & Furminger, I963) were given to us by Dr A. J. Beale, Glaxo Laboratories, Stoke Poges, Buckinghamshire. Primary monolayer cultures of kidney cells from Erythrocebuspatas monkeys were obtained from the tissue culture production unit at these laboratories. All cultures were grown and maintained at 36°.
Media. For growth of human embryo cultures Eagle's basal medium (Eagle, 1955) containing IO % calf serum (unheated) and o.I % sodium bicarbonate was used. After infection cultures were maintained in Earle's balanced salt solution containing IO % liver digest (Smith, 1961) and o.22 ~o sodium bicarbonate. Monkey tissue cultures were grown on Earle's balanced salt solution with 2-5% calf serum, o.5% lactalbumin hydrolysate and o. I 1% sodium bicarbonate, and the maintenance medium used was the same as that for the human embryo cultures. All media contained penicillin (2oo units/ml.) and streptomycin (IOO/~g./ml.). RK 13 cell cultures were grown and maintained as described by the originators.
Viruses. The following viruses were used, attenuated polio type I LSC 2 AB (SABIN), virulent polio type I 66o-62, ECHO II, Semliki Forest, bovine enteric (i 6) (Huck, I96I) , Rhinovirus 4 and rubella virus, strain JUDITH. Rubella virus stocks were grown in RK 13, M 6 virus in monkey kidney cell cultures and all the other viruses in HEL-7 cultures.
Serological methods. Antiserum to rubella virus and HEL-I agent was prepared in rabbits by intramuscular inoculation of 5 ml. virus with oil adjuvant followed after 3 weeks by intravenous inoculation of 5 ml. virus; the animals were bled 3 weeks later.
Virus assay. The interference method (Parkman, Buescher & Artenstein, 1962 ) was modified using Erythrocebus paras kidney cell cultures challenged with IOOO TCD 5 ° M 6 virus 7 days after inoculation with rubella virus and read 3 days later. Rubella virus titre was also measured in RK 13 tube cultures. Virus titre was calculated using the K/irber equation.
RESULTS

Cultural characteristics of the cell strains nEL-t and HEL-7
The cultures had similar growth rates and were successfully subcultured for about 4o generations before dying out. They were morphologically indistinguishable from other human diploid fibroblasts and both had normal karyotypes in which the chromosomes showed no signs of significant abnormalities as judged by the criteria established by Tjio & Puck (1958) . The cytopathic effects of the test viruses were similar in HEL-I and HEL-7 cultures although the viral sensitivity of the cultures were strikingly different (Table I) . In these experiments the cultures were inoculated with serial tenfold dilutions of the test virus; tests with any one virus were done using a common pool of virus titrated in both HEL-7 and HEL-I cultures at the same time. The cultures were examined for the development of typical cytopathic effect 7 days later. Two or sometimes three replicate tests were made with each virus. I-mL-7 appeared susceptible to all the viruses tested whereas HEL-I, at the twentieth subculture, was completely resistant to Rhinovirus 4 and partially resistant to Semliki Forest and attenuated polio type 1. Growth of virulent polio I was only slightly inhibited in HEL-I and ECHO I I apparently grew equally well in both I-mL-7 and HEL-I cultures.
The viral sensitivities of all the original subcultures of I~L-I, which were stored at -7 o°, were not the same when tested after about 2 years (Table 2) . These original subcultures, passages 2 to 2o, were made by successive one to two splits and the surplus cells were stored at -7 o°. On testing the original stocks of tenth subculture cells we observed that they only showed slight viral resistance when first regrown but slowly developed resistance on subculture equal to that of the twentieth passage cells in which virus resistance was first observed. Early subcultures of the original ninth passage material were nearly as resistant to virus challenge as the twentieth passage cells, while the sixteenth passage cells were indistinguishable from the latter. However when the original second and fifth passage material was grown and tested for viral sensitivity it was the same as that of nEL-7, furthermore the cultures remained fully sensitive to virus challenge during I3 and IO subcultures respectively (Table 2) . Further examination of these original cultures of nEL-I and of subsequent material was prevented by the unfortunate loss of all the frozen material. 
Isolation and some properties of lIEL-I agent
The presence of an infective agent was first detected in HEL-I cultures in which attempts to titrate rubella virus were being made. Fluid from HEL-I control cultures when titrated in RK 13 cultures induced a cytopathic effect resembling that caused by rubella virus. The agent was present in HEL-I culture fluid and in the cells disintegrated by ultrasonic irradiation. The concentration of the agent in culture fluid samples taken at different times and measured in RK 13 or Erythrocebus patas kidney cell cultures was between 2.o and 4"o log. TCD 5o/ml. E. patas kidney cell cultures inoculated with the agent developed interference to i 6 virus challenge, but in contrast to those infected by rubella virus the monkey kidney cells infected with HEL-I agent degenerated between the seventh and tenth day into fibrous, swollen and granular cells. Normally only very slight cytopathic effects were caused by rubella virus grown in E. patas kidney cell cultures. In RK 13 cultures the HEL-I agent induced less cytopathic effect and smaller plaques than rubella virus (Butler, 1966) . This evidence for a 19 1. Virol. 2 relationship to rubella virus was confirmed by a demonstration of a close serological relationship (Table 3) . The test used, quantitative neutralization of virus by a given dilution of serum, was selected because only low titre antiserum was available. The method used was the mixture of equal volumes of serial tenfold dilutions of virus with the stated dilution of antiserum, incubated together for 36 ° for I hr. Tube cultures were inoculated with o'5 ml. virus + serum mixtures. A similar test using human y-globulin confirmed the serological identity of the antigens. In the course of other investigations unexpected observations were made when I-~L-7 or WI-38 cultures were inoculated with the agent. Thus the cultures not only became insensitive to Semliki Forest virus challenge but the growth of the ceils on subculture became poor and was finally totally inhibited (Table 4 )-For these experiments confluent 3-day-old twenty-fourth passage HEL-7 cultures were inoculated with serial tenfold dilutions of the agent to give the final concentration/ml, shown in column I, Table 4 . Seven days later the cultures were examined for qualitative and quantitative defects; the latter were determined by examining several microscope fields and estimating the percentage cell cover. The cultures were then subcultured in the usual way by dividing each in two. No chromosome analyses were made. The cultures were challenged with IOOO TCD 5o Semliki Forest virus at the end of the second week after infection and examined for the development of typical cytopathic effect 7 days later. Similar results were obtained when rubella virus was tested in HEL-7 or WI-38 cultures. • Dilution of serum.
DISCUSSION
Our observations showed that the I-mL-I cultures were persistently infected by an agent with properties similar to rubella virus. We believe that this infection was acquired by the cells in utero and that they were not contaminated during cultivation in the laboratory, but the only evidence in support of this was the apparent cultural normality of the cells despite the presence of an agent which, like rubella virus, caused degeneration of HEL-7 and wI-38 cultures. Similar observations regarding the effect of rubella virus on human embryo cells have been made by Plotkin, Bou6 & Bou6 0965) . Thus the HEL-I cells differed from normal human embryo lung cell cultures and we suggest that this difference could only have arisen by infection of the cell in embryo. However we were unable to prove that the agent was present in the original foetal cells, indeed it appeared to be absent, but the evidence for slow development of resistance to Semliki Forest virus and Rhinovirus 4 challenge after serial subculture of the original ninth and tenth passage cells can be taken as suggesting that there was a recovery of resistance or regrowth of virus which had been lost on storage of the cells at -7 o°. Circumstantial evidence for foetal cell contamination is provided by the fact that the embryo from which the cells were derived came from a pregnancy terminated in the sixteenth week, 14 days after onset of maternal clinical rubella. Following rubella in the mother, rubella virus has been isolated by a number of workers from foetal tissue (Selzer, 1963; Kay et al. 1964; Neu et al. 1964; Chang et al. 1966) , as well as from placental tissue (Alford, Neva & Weller, I964) and from babies with the rubella syndrome (Rawls et al. 1965) . Cultivation and properties of cell cultures from these infected tissues have been studied. Selzer (I963) failed to obtain viable cell cultures from the foetal tissue, but Kay et al. (I964) cultivated apparently normal lung cells for at least three passages and recovered virus from all. Rawls et aL (I965) obtained several chronically infected cell strains from post mortem tissue of infants with congenital rubella and their cultures had normal appearance but an abnormal range of viral sensitivity and a slower growth rate. Whether the HEL-I cells were infected in utero or not, their apparent complete cultural normality is remarkable. If the cells were infected in utero then they demonstrate the interesting possibility that complete tolerance of some types of cells to foetal rubella infections could occur, and would presumably not be associated with teratogenesis. This innocent relationship between congenitally acquired virus and the cell has been recently discussed by Menser et al. (1967) , who commented on the possibility of a finely balanced host cell + virus condition persisting into adult life and that if this condition broke down it could lead to abnormalities. It is even possible to extend this hypothesis to account, in some circumstances, for the origin of turnouts.
We are indebted to Dr S. E. Smith for the chromosome analyses and to Dr A. Whitaker for providing HEL-7 cultures and to both of them for valuable discussion.
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